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(54) Processes tor preparing telechelic, branched and star thermoplastic resin polymers 



(57) A process for the preparation of branched ther- 
moplastic resins comprising heating a mixture of a froo 
radical initiator at least one first free radical reactive 
monomer at least one free radica) reactive branching 
agent compound and at least one stable free radical 
agent to produce a Imoar or unbranchod polymer prod- 
uct with a free radical initator fragment at one e.od and 



a covalently bonded stable free radical agent at the oth- 
er cna of the polymori/od chain ot monomers, and irra- 
diating the unbrancned polymer product m the presence 
ol a reactive compound selected 'rom tho group con- 
sisting of a froe radical reactive monomer a branching 
agent compound, and mixtures thereof to form a 
branched polymeric product 
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Description 

"he presert mvontion is generally directed to procossos for the prepa-ation o r , branched or dondrimerc homopol- 
ymers and copolymers More spocifical y the prcsen: irveniion relates to improvee polymerization processes which 

5 provide branched, star and dendr meric homopolymer ard copolymer resin products which possess narrow poiydis- 
persity properties and which polymerization processes proceed with high monomer to polymer conversion In particular 
this invention folates to stable free radical mediated pseudoiivmg polymerization processes which yield branched 
homopolymers and copolymers having number average molecular weights (Mn) above about 100 to about 200.000 
and having a polydispersily ratio of tho weight average mo:ecular weight (Mw) to the number average molecular weight 

to (Mn) of from about 1 0 toaboul 2 0 and which procosses accomplished in accordance with the present invention provide 
numorous operational and economic advantages 

Many polymerization processes used for the synthesis of narrow polyaispcrsity rosins such as anionic, calionic. 
and group transfer polymerization processes, are severely limited by the need for anhydrous reaction conditions and 
monomers which do not contain protic or roactivo f uncliona: groups for example, hydroxy (OH) carboxy (CO^H). ammo 

'5 (NH) and the hko As a consequence, these processes are not readily applicable to tho polymerization of functionahzed 
monomers since these monomer materials tend to be hydroscopic and any associated water may readily destroy the 
polymerization initiator component for examp!o the hydrolysis or protonaiion of organofithium roagents by the mon- 
omer in amonc polymerization processes c m other ways cause tho polymenzation to fail entirely or to be industrially 
inefficient 

20 Of tho known polymerization processes a preferred way to propare branched or dondnmer polymers or copolymers 

having a narrow molocular weight distribution or polydispersity is by anionic processes Tho uso and availability of 
branched or star type resins having narrow polydispersities m industrial applications is limitod bocauso anionic polym- 
erization processes must be performed m the absence of atmospheric oxygen and moisture require difficult to handle 
and hazardous initiator roagonts. and consequently such polymerization processes are generally l.mitod to small batch 

2s reactors In addition, the monomers and solvents that are used must be of high purity and anhydrous thoroby rendering 
tho anionic process more expensivo than alternatives which do not have these requirements Thus, anionic polymer- 
ization processes for the preparation of branched or star type polymers are difficult and costly 

It is desirable to havo free radical polymonzation process that provides narrow molocular weight distribution 
b r anched or star type polymers and resins that overcomes the shortcomings and disadvantages of the aforementioned 

30 related anionic branching polymerization processes 

Simila r ly. group transfer polymerization (GTP) procossos have lirnialions and disadvantages, such as anhydrous 
reaction conditions and expensive reagents, which disadvantage GTF processes particularly for large scale ndustrial 
preparation of branched or star polymers 

Free radical polymerization processes are generally chemically less sensitive than anionic processes To impurities 

35 n the monomers or solvents typically usod and are subslantially or completely insensitive to water Conventional free 
radical polymerization procosses that are used to polymen/e monomers in general and functionahzed monomers in 
particular inherently grve broad polydispersity resin products or require that sophisticated processing conditions and 
materials handling protocols be employed 

Star polymers or dendrimers can bo constructed with for example a rod-like tertiary structure or a spherical tertiary 

40 structuro Tho branching associated with those systems provide a number of unusual propenies For example m 
contrast to linoar polymers, the viscosity of spherical sta' polymers decrease as the molecular weight increases Fur- 
thermore, compounding hydrocarbon dendrimers in a variety o' media imparts mcroased strength to those materials 
B r anchod copolymers prepared by conventional free radical polymerization processes inherently have broad mo- 
lecular weight distributions or polydispers ties, generally greater than about four One reason is that most free radical 

45 mit.ators soloctod have half lives that aro relatively long, from several minutes to many hours and thus tho polymeric 
chains are not all initiated at tho same time and which initiators provide growing chains of various lengths at any lime 
during the polymerization process Another reason is that tho propagating chains m a froo radica 1 process can react 
with each other m processes known as coupling and disproportionate, both of which are chain terminating and poly- 
dispersity broadening reaction processes In doing so. chains of varying lengths are lerminatod at different times during 

5f tho reaction process which rosults in branchod resms comprised of polymeric chains which vary widefy in length from 
very small to very largo and thus have broad polydisporsities II a free radical polymerization process is to be enabled 
for producing branched dendnmeric. or star polymers with narrow molecular weight distributions, then all potymer 
chains and branches or arms must bo initiated at about tho samo time and promature termination by coupling or 
disproportonation processes must be avoided or ohm natcd 

55 Practitioners m !ne art have long sought ar inexpensive efficient and environmentally e?ficacious means for pro- 

ducing branched polymers having operator controllable or selectable molocular weight and branching properties and 
further processes which selectively afford a wide variety of different polyme- product types and have narrow molecular 
weight distribution properties 
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U S Patent No 5.473.031 . discloses a process {or preparing a branched polymer from a vinyi aromatic monomer 
comprising copolymen/ing tno vinyl aromatic monomer w;th a monomer oair whercn the monomer pai' consists cf 
two different monomers containing functional tios whicn are substartially nonreactive with oach o'.ho r under the con- 
dilions of copolymenzahon and heating the copolymer produced to a temperature such that the functionalities react 

5 with each other to form branches with the polymer 

U S Paient No 5.01 7 45S dscloses a method for producing a graft copolymer mc udmg the steps of adding tc a 
oaso polymer capable ct forming first racicais wnor irradiated with radial on an additive capable of combining with tho 
first radicals to form second radicals stable against oxygen the step of irradiating the base polymer containing the 
additive with radiation, and the step of introducing a monomer under an atmosphere free from oxygen thoroby to graft 

'0 copolymonze the irradiated baso polymer and tho monomer 

U S Patent No 5=334.756. disclosos a process for preparing carboxylates of polyoxyalkylone siloxanes and 
amines, alkylpolyoxyalkylenes. polyoxyalkylone block polymers, and tho like materials comprising subjecting a primary 
hyroxyl group-containing polyoxyalkylone compound or alkylpolyglucoside to miid oxidiation 

In Europoan Patent Publication 349 270 B1 is disclosod a pressure-sensitive adhesive composition characterized 

'5 t»y a block copolymer represented by the general formula l(BAT) n wherein I represents the free radical initiator portion 
of an miferter of the formula l(T) n . T represents tho termination portion of the mrferter n is an integer of al least 2. and 
B represents an elastic acrylic polymor block having a glass transition temperaturo of at least 30 3 C and an A-block is 
formec of a monomer selected from the group consisting of melhyl mothacrylate. polystyrylethyl mothacrylate mac- 
romer. methyl mothacrylate macromer, acrylic acid acryloniinle :sobornyl methacrylate. N-vinyl pyrrolidone. and mix- 

20 tures thoroof the weight ratio of the B-block to tho A-Dlock in the block copolymer being from 95 5 to 50 50. and 0 to 
1 50 parts by weight tackifior per 1 00 pa r ts block copolymer Also disclosed is a method of making tho pressure sons^tivo 
adhosrve which relics upon mixing and exposing an inifertcr of the formula l(T) n to an energy source in tho presonce 
of a sequence of monomer charges 

U S Patent No 4.561 429 disclosos a free radical polymonzation process which controls the growth of polymer 

is chains to produce short chain or oligomcnc homopolymers and copolymors inducing block and graft copolymers The 
process employs an initiator having tho formula {-n part) -N-O-X where X is a free radical species capable of polym- 
erizing unsaturated monomers The molecular weights of the polymer products obtained are generally from about 
2 500 to 7.000 having polydispersities gonorally of about 1 4 to 1 8. al low monomor to poiymer conversion The re- 
actions typically have low conversion rates and uso relatively low reaction temperatures of loss than about 100 °C. 

30 and use multiple stages 

In free radical polymerization reaction processes of tho prior art. various significant problems oxist for example 
difficulties m predicting or controlling both tho polydispersity and modality of tho polymers produced These polymer- 
ization processes produce polymers wlh high weight average molocula' weights (M^) and low number average mo- 
lecular weights (M n ) resulting in broad polydispersities or broad molecular weight distribution i*A t /M n ) and in some 

3$ instances low conversion Further, polymerization processes of tho prior art in particular froo radical processes, are 
prone to generating excessive quantities of hoat since the polymerization reaction is exothermic As the viscosity of 
the reaction medium increases dissipation of heat becomes more difficult This is reterrod to as the Trommsdortf effect 
as discussed and illustrated in Principles of Polymerization. G Odian 2nd Ed . Wiley-lnterscience NY 1931. pago 
272 tho disclosure of which is entirely incorporated herein by reforonce This is particularly the situation for reactions 

-to with high concentrations of solublo monomer, for example greater than 30 to 50 percent by weight soluble monomer, 
whtch are conductod in large scale reactors with limited surface area and limited heat dissipation capacity Moreover, 
the exothormic nature of froo radical polymerization processes is ofton a limitation that sevoroly restricts the concen- 
tration of rcactants or tho reactor size upon scale up 

Further, gel body formation in conventional free radical polymerization processes may 'esult in a broad molecular 

■J 5 weight distributions and/or difficulties encountorod during filtering, drying and manipulating tho product resin particu- 
larly for highly concentrated roactions 

Other problems associated with the prior art methods for preparing branched or star type dendnmenc polymeric 
materials is the they typically provide products with highly variable branch length, variable branch molecular weight 
and polydisporsities. and vanablo particle size for oxample 

50 These and other disadvantages are avoided, or minimized with the branching polymerization procosses of the 

present invention 

These and other probloms have been unexpectedly amelorated by the present invention wherein there aro pro- 
vided superior results arising from polymerization or copofymenzing for example by heating with an initiator compound 
containing at least one covalontly bonded stable ,r eo radica! functional group at least one free radical polymervable 
55 monomer and at least one free radical roactive branching agent to form an unbranched polymeric product containing 
latent or mcipont branching functionality irradiating a mixture of tho aforementioned unbranched polymeric product 
and a second stable free radical agent to form an intermedial branched polymeric product wherein the second stable 
free radical agent are covalently attached to the mtcrmed.ate product at sites corresponding to whore the branching 
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agents have been mtcg-ated into the polymer a.nd hcatirg the resulting intermediate branched polymeric product and 
at least one second free radical polymonzable monomer to form a first branched polymeric product wherem the second 
free radical polymenzablo monomer is integrated into the polymer chain at branenmg agent loci and as illustrated 
heroin 

5 According to one aspect of Ihe present invention there is provided a process for the preparation of a thermoplastic 

resin or resms comprising healing a mixture comprising an niliator compound of the formula A - T wherein A repre- 
sents a group having at least one camon atom ana is such mat a free radical A- aris.ng tnorelrom is capable ol polym- 
erizing an unsaturated monomer by free radical polymerization and the free radical functionality thoreof resides on the 
at least one carbon atom, and T is a covalontly bonded stable free rad.cal compound at least one free radical polym- 

'f erizable monomor of the formu'a M1 . and at least one froo radical reactivo branching agent ol The formula B. to form 
an unbranched polymeric product of the formula A - (Mi) ra - (B) n - T whore m and n are mtogors from 1 to about 10.000 
representing the total number of monomers M and B contained m the unbranched product, irradiating a mixture of the 
unbranched polymeric product and a second stablo froo radical compound of the formula T' to form an intermediate 
branched pofymenc product of the fo r mula A - (Ml ) m -[ B - (T') p ] n -T wherein a T' is convalently bonded to at least one 

>s branching agent B in the polymonc product, and wherein p is an ntoger from 1 to about 10 representing the average 
number of stable free radical compounds of the formula T' attached to each branching agent B m the intermediate 
branched polymer c product, heating a mixture of the intermediate branched polymeric product and at least ono second 
froo radical polymen/abie monomer of the formula M2 (o form a first brancnod polymeric product of the 'ormula A - 
(M1 ) ra -| B-(M2 ) 0 -(T'Jp ] n -(M2 } 0 - T where o is an integer from 1 to about 5.000 representing the average number of 

20 monomors M2 which are inserted betwoon each branching agert B and the stable free radical compouncs T' and T 
and cooling the mixture 

The resulting product is a branched thermoplastic resin w.th arms or branches compnsod of polymerized monomer 
with substantially uniform length and narrow polydisporsity 

Tho process of the present invention, may readily afford telechohc. branched and star polymers having polydis- 
25 pcrsities of between about 1 1 and 2 0, and at least as low as 1.5 for various polymer systems Stable free radical 
polymerization systems of the present invention afford polydispersities that are comparable to those obtained in anionic 
polymerizations but avoiding the above-described shortcomings and disadvantages of the anionic polymerization proc- 
esses 

Figure 1 is a schematic representation of an exemp:ary polymenzat on and branching sequence m embod.ments 
30 of the present invention 

Figure 2 is a schomal.c representation ol an oxomplary polymonzation and b'anching secuenco in embodiments 
of the present invention 

The free radical polymerization process ol the present invention may be used to prepare a variety of tclechclic. 
branched and star polymers and copolymers with a variety of molecular architectures in a cost efficient manner An 

35 advantage of the present invention is that the stable free radical polymerization process affords precise control over 
the molecular architecture of tho polymer, including molecular weight molecular weight distribution, and modality 

The present invention, in embodiments, provides processes for the preparation of branched thermoplastic resms 
comprising heating a mixture of a tree radical initiator, at least one froo radical reactivo monomer, at least one Iree 
radical reactive branching agent monomer ard at least one stablo free radical agent, to produco the linear or un- 

40 branched polymer product with a free radical initator fragment at ono end and a covalently bonded stable free radical 
agent at the other end of the polymerized cha'n of monomers, and irradiating tho unbranched polymer product m the 
presonco of a monomor or monomers such as a free radical reaclivo monomer, a branching agent, and mixtu r es thereof 
to form a branched polymeric product Tho resulting branched polymonc product can be further elaborated with, for 
example, cham elongation polymerization chain branching, and combinations thereof as desired and in accordance 

45 with tho prosent invention 

Tho branched thermoplastic resins may generally be produced, in embodiments, by the process of heating a mix- 
ture comprising an initiator compound ol the lormula A - T, wherein A represents a group having at least one carbon 
atom and is such that a free radical A- arising therefrom is capable of polymerizing an unsaturated monomer by free 
radical polymonzalion and the radical functionality residos on the at least one carbon atom and T is a covalently 

so bonded stable free radical compound at least one free radical polymenzablo monomer of the formula M 1 and at least 
one free radical reactivo branching agent of tho formula B to form an unbranched polymeric product of The formula 

A-(M1) m -(3) n -T 

55 

where m and n are integers from 1 to about 10 000 representing the total number o' monome-s V and B contained in 
tho unbranched product irradiating a mixture of tho uno r ancrod polygene product A - (M1 ) m - (B) n - T and a socorc 
stable Iree radical compound of the 'ormula T 1 - to form an intermediate branched polymeric product ol tho formula 
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A-!M1) m .|-B-(T-) p : n .- 

wherein a T is convaien'.ly bonded to at leas', one branching agent (B) n in the poiymo'ic product anc where n p is an 
5 integer from 1 to about TO rcp-escniing tne average number cf second stab e 'roe radical compounds ol the formula 
T attached to each branching agent B in the intermediate branched poiymenc p'oduct heating a m.xturo of the inter- 
mediate branchod polymeric procuct and at loast one second free radical porymen/able monomer of tho formula M2 
to form a tirs*. branched polymeric product of the formula 

10 A-(VH) m -[B-(M2) 0 .(T) p ] n -(M2) 0 -T 

where o is an integer from 1 to about 5 000 representing the total number of monomers M2 which are inserted between 
oach branching agent B and the slabie free radical compounds T and T' and cooling tho mixture wherein (he resulting 
'5 product is a branched thermoplastic resin witn arms or branches comprised ol polymen/ed monomer with substantially 
uniform length and narrow polydispers !y 

Polymerization processes of the present invention can in embodiments, further comprise the branching sequence 
of heating tho first branched polymorc product wth a soconc branching agent of tho formula B2. to form a second 
intermediate product polymer of the formula 

20 

A-(Ml) m -[B-(M2) 0 -(B2) r -(T') p ] n -(M2) o -(B2) r -T 

wherein r is an integer from 2 to about 200 and represents the total number of second branching agent monomers B2 
25 which a f o msorted between each of the covalemiy bonded stablo (roe radical compounds T and T' and each corre- 
sponding branch point. 

irradiating the second intermediate polymer product with a! least one third stable free radical compound of the 
formula T'- to from a branched polymer prodjet of the formula 

30 A-.:Ml) m -[B-:M2) 0 -[B2-(T")] f -(T") p | n .(M2) 0 -(B2-(T-)] r .T 

whoro T" is convalently bonded to the branching agents B2 in the resulting polymeric product, and 

heating the resulting branchod polymeric product and at least one third free radical polymen/able monomer o' 
35 the formula M3 to form a second branched polymer product of the formula 

A-(Ml) m -[B-(M2) 0 -|B2-(M3 -T")] f -(T ) p ] n -(rV2) o -[B2-(M3- V)] f -T 

40 wherein tho socond branchod polymeric product contains a* loast twice the number of branchos as the f.rst branchod 
polymor product 

The atorcmcntonod branching sequence can be repeated numerous times to produce furthc and nrore oxtens.vc 
branching of the branched polymer The branching sequence can be repeated in embodiments for example from 1 
to about 20 times 

^5 The branching agent monomers, in embodiments can contain from 1 to about 10 branching sites and wherein 

each branching site contains a chromaphore which is photolytically active under suitable irradiation, for example, ul- 
traviolot or UV irradiation whororjy upon irradiation a froo radical species is gonoralod at substantially each branching 
site and is subsequently trapped by a stable free radical of the formula such as T' described above In embodiments 
the branching agent monomers contain at least one free radical po ymcnzable unsaturated double bond and a: least 

50 ono chromophore which is photolytically actrvo when irradiated with a s jitablo radiation source wheroby a froo radical 
species gonorated therefrom is trapped by a stable froo radical agent of the formula such as T above When tho 
selected branching agent contains sing : e chromophore which s photolab;le. it is referred to as a monofunctionai branch- 
ing agent Th js. m embodiments, a monofunct onal ^ranching agent monomer in embodiments of the present inven- 
tion is incorporated into a polymc chain by for example stable froe rad.cal modiatod polymonzation p'ocessos and 

55 is subsequently soleclively pho'.olylical'y cleaved m tho prosonce additional stablo 'roo radical agent to produce a free 
radical species which is suosoquently trapped by the stable * r ee radical agent tnereby producing a single branch point 
When a plurality of monofunctionai brarchmgagents are sim lady nco-poraled into a polymer and thereafter phololy/od 
and trapped, a substantially equivalent plurality of branch points m the polymer can bo ostabhshod Likewise, when a 
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diluncnonai branching agent is incorporated into a polymer chain and thceafter cloaved and trapped, a bifurcated or 
double, that is two pronged branch point is produced Thus it is readily understood by one ol ordinary skill in the art 
that trio mono-, di- in- and Iho like, functionality of the branching agont monomer refers to both the numbor of pho- 
tolytically cleavaoie sitos and !hc number ol branch points that arise from the Dranchmg agent monomer upon pho- 

5 telysis and trapping A "branch" or "branching point" as used herein retcs to a molecular point or loci where subsequent 
polymer chain extension can be achieved by applying the polymeri7ation and branching sequence of the present in- 
vention, and as illustrated horom Thus in embodiments of the presort mvontion a monofunctional branching agont 
is capablo of producing a single branch point and enables a single new polymer cnam to be grown or propagated 
therefrom A bifunctiona 1 branching agent monomer is capable of procucmg a double b r anch point and enables two 

1 0 new polymer chains to be grown, or propagatod Ihorofrom 

Referring to the Figures thoro is illustrated m Figure 1 an oxomplary polymerization and branching sequonco 
wherein a mixturo of a free radical initiator 12. such as benzoyl peroxide or a/obisisobutyl nitnlc. a freo radical reactive 
monomer M1 . such as styrono or acylic acid, and a stable free radical agent T such as a stercially hindored nitroxido 
radical compound are heated to produce the linoar or unbranched poiymer product l-(Ml) m -T where m is an integer 

'5 and represents the number ot monomers polymonzed In a second step, a monofunctional branching agent B and the 
unbranched polymer product are healed to incorporate the branching agent into the polymer product, that is. inserted 
betweon the terminal monomer and the stablo froo radial end group, to form a still unbranchod po'ymer product of 
tho formula l-(M1 ) m -(B) n -T whore n is an integer and represents the number of branching agents polymer.zed or inserted 
at the end of the polymer cham Next, the unbranched polymer containing branch, ng agent monomers is irradiated in 

20 tho presence of a second stable free radical agent T' to selectively cloave the branching agent so that a freo radical 
species associated with tho polymer is generated and thereby croatos a branch point and which free radical specios 
is rapidly trapped by tho stable free radical agent T- to afford a branched polymer product of the formula l-(Ml) m -[B - 
T"] n -T The branched polymer product is thereafter heated in the presence of a second monomer M2 which is added 
to the polymer or msortod between at substantially all sites having a covalently bonded stable free radical agont -T 

^ 5 and -T'. to afford a branched polymer product with polymer chain extensions consisting of M2 monomers of the formula 
l-(M1) m -[B-(M2) 0 ■ T'] n -{M2) 0 -T. wherein o is an mtogor and represents the number of M2 monomers added to or 
incorporated within the branched polymer product a ratio of o/n roflocts that the total amount of M2 monomer incor- 
porated into the branched polymer product is substantia'ly equally and uniformly distributed at the chain tormin' occu- 
pied by the covalently bound stable free r adical agents. -T and -T" As will be readily evident to one of ordinary skiI: in 

30 the art upon comprehending the teachings of the present invention, when the ratio of TT" in the polymer structure is 
small for example, when a large amount ol branching agont is initially selected, or by way of branching agont soiection 
and subsequent branch elaboration, the amount or relative ratio of M2 monomer or other added monomers thai are 
incorporated m tho polymer chain at T relative to T" accordingly is a'sc small 

In Figure 2 thore is il ustrated an exemplary polymenzaton and branching sequence whore n a mixture of a free 

35 radical initiator l 2 . such as benzoy* poroxido or azobisisobutyl nitrile. only froo radical reachve d. functional branching 
agont monomers B and a stable free radical agent T- are heated to produce the linear or unbranched polymor product 
l-(B) m -T. where m is an mtoger and represents the relative number of branching agents polymerized in a second stop 
tho unbranchod polymer product containing branching agont monomers ot the formula l-(B) m -T is irradiatod in the 
presence of a second stable free radical agent T'- to selectively doavo tho difunctional branching agents in the polymor 

•io so that a free radical species associated with the polymor are gonoratod and thereby create a plurality of bifurcated 
or double branch points corresponpmg to approximately 2m. that is, where there are two free radical species associated 
with substantially oach branching agent site in ihe polymer and which free radical species are rapidly trapped by stablo 
free radical agents T'- to afford a branched polymor product of tho formula formula l-| B-( T') 2m ] m -T The branched 
polymer can thereafter be further elaborated in various ways, for example, chain extended by agam applying the afore- 

45 mentioned stable Iree radical mediated polymerization principles or further branched by applying the branching se- 
quence of the present invention, by heating wilh one or more f r ee radical roactivo momomers fV,2 or a second free 
radical reactive branching agent B2 such that branched polymer of the formulas. l-[ B-( M2 - T") 2m ] m - (M2) n -T. and I- 
[ B-( B2-T') 2m ] m - (B2) n -T respectively, are prepared, wherein n indicates the relative amount of the last added monomer 
or branching agont which is inserted between the polymor chain end and the first added stable froo radical terminal 

50 group T 

In other embodiments of the present, it is possible to copoiymcnzo mixtures of mono- and or difunctional free 
radical reactive monomers such as olefins and cnenes with mono- or multifunctional branching agent monomers to 
produce various branched copolymer architocturos or copolymers segments structures which contain both monomer 
types Some advantages of the aforedesenbod process variant include the ability to prepare highly branched copoly- 
55 meric materials and the ab.lrty to eliminate additional, separate, or unnecessary polymerization and branch point in- 
troducing reaction steps 

Any suitable branching agent can bo selected so long as the objectives of Ihe present invention arc achioved As 
Lsod herein "branching agent* refers to two related but functionally different compound classes Each branching agent 
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class provides an operator with unique .molecular design flexibility and control over the- polymer chain length and level 
of branching which can be achieved n a selected branching polymerization process or combined chain elongation and 
branching sequence 

One class ot brancning agent referred to m embodiments as a "branching agent monomer" comprises compounds 
5 which are capable ol sequentially undergoing or performing both therma- polymerization with a tree radical specios 
that is. polymer chain propagation and integration into a growing polymer chain, and thereafter undergoing photochem- 
icaily induced branch point lormation A Dranchmg agent monomer compojnd ot the present .nvontion has at least one 
free radical roactivo and therefore polymcrizable double bond, and at loast one chromophore which can be selectively 
photochemically activated to enable the formation of at least one free radical specio which can be trapped by the 
JO presence of either a stablo froo radical compound, such as T which leads to a reversibly terminated branch site or a 
second (roe radical reactive monomer compound which leads to uncontrolled froe radical polymerization and chain 
elongation in the absonco of excess stable free radical trapping agent 

Another class of branching agent useful in the present invention, also roforrod to in embodiments as an "inhibiting 
branching agent*, comprises compounds which are capable of sequentially inhibiting thermal polymerization, that is 
'5 polymer chain termination, and thereafter undergoing photochemically induced branch point formation Thus an 'in- 
hibiting branching agent" has a first function to inhibit or terminate initial polymer chain extension by terminating or 
irrevorsibry blocking further monomer addition by reacting with the propagating free raoical species and a second 
function to selectively allow branch point formation by of appropriate selective photochemical cleavage 

An imponant distinction between tho aforementioned branch-ng agent monomer compounds and an inhibiting 
20 branching agent compounds is thai the branching agent monomers by definition and design provide for polymer chain 
propagation hi branch point loci as well as polymer chain propagation at the predocossor polymer cnam that is the 
polymor chain which originally incorporated the branching agent. The inhibiting branching agent compounds provido 
for polymer chain propagation only at branch pomi loci and substantially limit or preclude chain propagation of tho 
predecessor polymor chain 

25 in embodiments of the present invention, branching agcnl monomer compounds and inhibiting branching agent 

compounds, are preferably used separately in separate branching schemes, howovcr they can be usod together in 
admixtures if desired and with the understanding that the presence of the inhibiting branching agent can lead to slow 
reactions and long reaction periods 

In embodiments, preferred branching agent monomer compounds aro for example, olefin containing dialkyl sub- 

30 stituted alpha hydroxy aryl ketones, wherein tho olefin provides for the aforementioned predecessor polymer chain 
olongation. and the hydroxy aryl ketone functional grouping providos tno chromophoro for photochemical activation 
and cleavage leading to the formation of the branch point Otnor example classes ol branching agent monomers include 
D.s-dialKyi substituted alpha hydroxy aryl ketones and still other example classes include those described by S. P 
Pappas "Photoinitiated Polymeri7aSion' in Comprehensive Polymer Chemistry. The Synthesis and Characterization. 

35 Reactions and Applications of Polymers Volumo 4. Porgamon Press. Oxford These compounds can be readily func- 
tionally modified for use m the present invoniion by attaching a polymcrizable group such as a vinyl group to the 
pnolomitiator poriion of the molecule Furthermore, olefin containing acylphosphino oxides, of the general structure 
R 1 C(0)-P(0)R 2 P»3. where at least one R group contains a pofymonzablo doublo bond, and which compounds undergo 
a Norris Type I cleavage, also function as suitable branching agenls in pseudoliving polymerization 

4 0 Suitable monofunctional branching agent monomer compounds B can be of the general formula 



O 




whorem Ar is an aryl group containing at least ono froo radical polymen/able unsaturated double bond and from 8 to 
50 about 26 carbon atoms and R, and R 2 are independently selected from the group consisting of alkyl. alkylene. alkylaryl. 
and cycloalkyl substitucnts with Irom 1 to about 20 carbon atoms 

An exemplary branching agent monomer compound B is of the formula 
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25 wherein the quinone port on of the molecule provides froo radical chain polymerization inhibition ana the hydroxy aryl 
ketone moieties prov-de the latent or masked photochenmcaliy activated branching sites 

In embodiments, processes of the present invention can further comprise combining the b'anched resin with, for 
oxamplo a thermoplastic resin, a colorant a charge control additive, a surfactant an emulsifier a pigmenl dispersanl. 
and matures thoroof to form a subsequent mixture which can be further melt blended in a suitable melt mixing appa- 

30 ratus to form a toner suitable tor use in xerographic and related marking applications 

In embodiments ol the present mvenlion [he initiator compound ^ or A-T can have a half life of about 5 soconds 
to about 5 minutes at a temperature from about 80°C to about 180*0. 

Po:ymenzable monomers suitable for use in the presont invention, in embodiments, include any free radical reactive 
unsaturated compounds such as styrenes conjugated dienes acrylate esters and alkyl acrylate esters with from 5 to 

3b 25 carbon aloms N-vmyl acetates amine, carboxyl aldehyde, alkyl. cyano, and hydroxyl substituted acrylic acids and 
acryltc acid esters having Irom 2 to about 20 carbon atoms, acrylamide. methacrylamide. acrylic acid, methacrylic acid 
acrolein, dimethylammoacrylalo hydroxy-lowor alkyl. and ammo-lower alkyl acrylates of the formula CH2-C(-R 1 )- 
(C-Z)-R 2 where R 1 is hydrogen R 2 is selected from the group consisting of -OR' and -NR^ and whordn Z is soloctod 
from the group consisting of oxygon and sulfur atoms In embodiments, from 1 to about 10 different free radical po- 

*o lymonzablo monomers can be selected and simultaneously polymerized m any one monomer addition polymerization 
step 

In embodiments of the present invention the polydispersity of Ihe arms or branches is narrow and generally is 
from about 1 0 to about 1 7. while the monomer to polymer conversions typically range of from about 10 to aboul 100 
percent depending upon polymerization and branching conditions selected the extent to which the steps in the branch- 
's ing procoss are completed and tho number of limos the branching sequonco is successively ropeatod 

The healing conditions selected for accomplishing the slab'e froe radical modiatod monomor addition polymeri- 
zation can bo for a period ol time of from about 30 minutes to about 60 hours and at a tomperaturo of from about 70 
to about 250°C Upon comoletion of a monomer addition polymerization into the cha>n ends, the reaction mixture is 
preferably cooled to below about 80 to 100°C. and preferably below about 40 3 C to temporarily or pormanontly suspend 
so tho monomer addition polymerization process 

T he weight average mo'ecular weight (M w ) of the result ng arms or branchos which have been appended to the 
branch points are for example independently from about 2.000 to about 2CO.0OO and depend upon the conditions 
soloctod and tho oxlont of ropetition of tho branching soquonco 

Tho present invention provides staolo free radical mediated polymci/ation processes for preparing branched 
ss polymers such as dendnmenc thermoplastic resins or elastome'ic materials with wel: defined molecular structure, 
molecular weight properties and narrow polydisporsitios The procossos can bo run as batch. somKontmuous. con- 
tinuous processes or combmalions the f eol The processes can be carried out m solution bulk, suspension om jlsion 
phase transfer and extrusion reaction conditions The processes provide for from about 1 to about 99 percent by weight 
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of the reaction mixtu r e to be a free radical reactive monorrer or Tionomer mixtures and the thermally controlled chain 
elongation polymerization processes can be conducted at from about 100°C to about 250°C The processes produce 
branched polymer products which have operator seloctablo low intermediate, or high molecular weight well defmod 
branching properties including the branching number and the extent of branching narrow polydispersity low residual 

5 salt content or are salt free, and can have low toxicity 

Suitable stable free radical compounds for use in the present are Known, and can bo prepared pror to mixing with 
me other polymerization roactants or ihey may bo gone-rated in situ or on an as neeoec basis 

The stablo free radical agent compounds of the present invention may be generated m any suitable fashion from 
the corresponding non-free radical precursor for example, thermally chemical electrochemically photolytically me- 

'0 chanically. and the like methods 

Examples of suitable and preferred stable free radicals are disclosed in U S Patent No 3.600. 1 69 
The stable tree radical compound when covalcnily bound to the branched polyme r product preferably has no 
unpaired electrons that is. has no free radical characler or froo unpaired electrons 

Suitable initiators for the branching polymerization processes of the p'osont invention are any conventional free 

f5 radical initiators which have a half-life of at least 1 second at the polymerization temperature Preferably, the initiator 
will have a half life of from about 10 second 10 about 2 hours more preferably from about 10 seconds to about 10 
minutes at the polymerization reaction temperature These initiators include, but are not limited to oxygen, hydrogen 
peroxide certain alkyl hydroperoxides, dialkyl peroxidos. poresters percarbonates peroxides porsulfates and azo 
initiators The initiators are normally used in amounts of from about 0 05 percent to about 33 percent based on the 

20 weight of Total pofymen/ablo monomer A preferred range is from about 0 5 to about 20 percent by weight of tho total 
polymorizabie monomer In embodiments, the molar ratio of monomer to stablo froo radical agent to free radical initiator 
compounds, such as l 2 or A-T. is from about l 0 0 2 1 0 to about 20.000 2 5 10 Preferred free radical initiators do not 
react with or degrade the stable free radical compounds with the exception of the aforementioned m situ stable free 
radical generation resulting from tho roaction of the slablofroe radical precursor compound with a froo radical fragments 

2S species 

In other embodiments, the polymerization processes of the present invention can be used to prepare branched 
block copolymers and multi-block polymers having narrow polydispersity properties wherem at least one of the blocks 
is oplionally water soluble thoreby providing, for example, a means tor preparing branched surface active agents or 
surfactant materials having well defined polydispersity and hydrophooe-lipophobo balance (HLB) properties 

30 Described herein are hydrocarbon star polymers prepared by a stable free radical mediated froo radical polymer- 

ization process m which procise control over tho length of the star side chains is maintained This control provides 
substantial advantages m the applications of viscosity modification, matrix strengthening and thermoplastic clarity im- 
provement since theso properties depend to a substantial extent on the tertiary structure of tho star polymer 

The dendnmors can be selected as toner additives for example, as illustrated in the documents mentioned herein 

35 Dendnmors are known and can be considorod radially symmotncal molecules of a STARBURST 1M topology comprised 
of an initiator core such as nitrogen ethylenediimme, silicon, and the like, interior layers attached to tho core and 
comprisod of for example, three, four or more arms, each arm being composed of repeating units with the number of 
repeating unils m each arm being considered the generation of the dendrimor and terminal covalonlfy bonded stable 
free radical functional groups, such as a nilroxyl compound attachod to the outermost generation, which dondnmers 

-to having related terminal amine terminated groups arc illustrated, for example, in U S Patent 4,587,329 and m Ange- 
wandte Chemie. Int Ed Engl .29. 138 (1990 The synthes'S of dondnmers usually occurs by a linear, convergent, or 
divorgont aproachos An alternate synthetic route usos a convergent growth synthesis as desenbod m detail m C J 
Hawker and J MJ Fr6chot J Am Chom Soc.112. 7636(1990) 

Although not desired to be limited by theory, it is behoved that photcmitiation or photolysis of the branching agent 

'5 compound or compounds produco free radical spocios generally by a Norrish Type I mochamsm The resulting radicals 
initiate polymerization of available free radical reactive monomor(s) molecules However, since a stable free radical 
such as TEMPO is present, either the low molecular weight photomiatcr fragment, or tho contiguous polymer fragment, 
such as a short oligomer chain, are captured by excess stable free rad.cal. to afford for example a TEMPO-polymor 
intermediate product On thermolysis, the TElVPO-polymer bond ruptures to produco a radical species on tho polymer 

50 chain ond which subsequently captures additional monomer thereby proviomg a psoudcliving polymerization reaction 
mechanism Any low molecular weight photomiator fragment-TEMPO by product can be readily separated from the 
higher molecular weight branched polymeric product by various known methods, for example, solvent precipitation, 
extraction, or washing 

The branching polymerization reactions ot the prosent invention can be accomplished m the absoncc of solvents 
55 or supplemented with a solvent or cosorvent if desired to help ensure that the reaction mixture or at least tho monomer 
containing portion remains a homogonoous single phase throughout tho monomer conversion Any solvent or cosolvont 
may bo selected so long as the solvent media is effective in providing a solvent sys'.em which avoids precipitation or 
pnase separation of tho reactants or polymer products until after all the solution polymerization reactions have been 
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completed 

The molecular weights refoned to are measured by gel permea'. on chromatography „smg for example, a poly- 
ethylene oxide standards lor water soluble polymers and polystyrene standards for organic solublo polymers unless 
specifically staled otherwise 

5 During the reaction of monomer or mixtures of monomers to form polymers the reaction time may be varied over 

about 30 minutes to 60 hours, preferably between aoout 2 to 10 hours and optimally about 3 to 7 hours The opt.mal 
reaction time may vary dopunding upon the temperatjro too volume and scaio ol tne reaction, the extent and degree 
of branching and the quantity and type of polymerization initiator and stable froo radical agent selected 

Irradiat.on can be accomplished by conventional means os ng for example a conventional ultraviolet source - 
w quartz reactor and suitable equivalents 

The molar ratio of tho stable Iree radical (SFR) agent to free radical initiator (INIT) residing in the monomer phase 
can. in embodiments, be from about 0 5 to about 5 0 and preferably in tho range from about 0 4 to 4 0 Although not 
wanting to bo limited by theory m an embodiment, tho molar ratio (SFR IN'T] of stable free radical agent, for example. 
2 4.6-tri-tort-butyl phenoxy racical. to free rad cal initiator, for examplo benzoyl poroxico is about 2 0 and is bohovod 
'5 to be important for success of the process If the [SFR INIT] is too high then the reaction rate is noticeably inhibited 
If the [SFR INIT] is too low then the reaction product has undesired increased polydispersity 

In embodiments the mola' ratio of monomer content to stablo froe radical agent to froo radical initiator is from 
about 6 0 0 2 Ho about 1 0 000 2 5 1 and proforab.y in the range of about 1 25 2 0 1 lo about 7 000 1 3 1 for example, 
as used m preparing the aforementioned polymeric branching agents 
20 The amount of branching agont used in the polymerization process specifically chain elonga*ion or branching 

steps doponds upon tho oxtont of chain elongation and branching dosired in the resulting polymer In embodiments of 
tho present invention, tho molar ratio of monomor to branching agent can be in the range of Irorri about 100 0 1 to 
about 0 1 100 However, it should be emphasized that the above ratios for branching agent correspond to representaWe 
and not limiting amounts and tho ratios of such compounds that can bo present in Ihe reactor vossel upon commencing 
2S the stablo tree radical polymerization process Other suitable ratios of monomer to branching agent include. 0 0 100. 
that is. where no monomer is selected and only branching agent is polymerized as illustrated m Figure 2. particularly 
in path ii ). and 100 0 0. that is. where no branching agent is selected, for example m those process steps where 
chain elongation with monomer only is the dosirod result, as for example illustrated m path I ) of tho Figure The present 
invention m embodiments, comprises polymerization processes which include at least one branch point introduction 
30 and formation step, and optionally at least one branch point cha n elongation step 

Additionally, the polymerization reaction rate of the monomor or monomers may. in embodiments of the present 
invention, be accelerated and the reaction timo reduced by the addition of a catalyst For example, a catalytic amount 
of a orotic acid which will not also mitiato cationic polymerization, may be added to the reaction mixturo 

In embodiments, the thermoplastic resin polymers of the present invention are proferably polymerized m an inert 
35 atmosphere, that is with the virtual exclusion of oxygon Embodiments of tho present invention therefore conduct the 
stable free rad.cal polymerization process in an inert atmosphere, such as under an argon or nitrogen blanket 

A further discussion of reaction conditions and reactants including suitable monomers stable free radical agents 
catalysts otc may be found in U S Patent No 5 322 912 

Following completion or termination of the reaction, the resultant polymer and or by product oligomers can be 
-'0 optionally separated from the reaction mixture, and washed and dried Subsequent processing of the thermoplastic 
res n polymer can then bo conducted 

Alternatively, branched block copolymor resins may also be preparod whoreby after each dosired block has been 
formed a new monomer or monomers is added, witnout the aodition of more initiator or stable free radical agent, to 
form a now block wherein each block component is well defined in length and has a narrow molecular woight distribution 
•is and having properties depending on tho repeated sequence and the monomors chosen for incorporation Monomors 
added subsequent lo tho formation of the first formed branchod thermoplastic rosm or elastomer may bo water soluble 
or water insoluble. Judicious selection of the wator soljbility properties ol added monomors and tho resulting polymoric 
segment enables convenient synthetic routes to branched block and multiblock copolymers with narrow polydispersities 
that are useful, for example, as surfactants, resin compaiibihzers. such as 'molecular velcro* and the like, viscosity 
50 modifiers emuis:fiers. and tho liko 

The branched polymeric products of the present invention may bo optionally crosslmkod with, for example, known 
crosslmkmg. coupling or curing agents such as divmyl benzene and the 'ike either m situ or in a separate post polym- 
erization procoss step 

Additional optional known additives may be used m the polymerization reactions whicn do not interfere with the 
55 objects of the invention and wnich may provide additional performance enhancements to the resulting branched prod- 
uct, for example, colorants lubricants release or transfer agents, surfactants stabilizors. antifoams. antioxidants, and 
tho like 

Polymer rosins possessing a discrete mixturo of monomodal tnat is a well defined multimodal molecular weight 
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distribution may in embodiments thereof provide several advantages particularly 1o r electrophotographic toner com- 
positions such as melt rheolcgy prooerties including imp'cved flow and elasticity and improved per'ormance proo- 
erlies such as tnboelectnficaticn. admix ra'.es. and shelf h'o stabilities 

The invention will further be Mluslrated in the following non hmr, ng Examples Parts and percentages are by weight 
5 Lniess otherwise indicated 

EXAMPLES 

A-T PHOTOINITIATOR PREPARATION Photoimlialor 1 -hydroxycyclonexyl phenyl ketone ( i 06 g ) and TEMPO 
'0 ( 2 06 g ) were dissolvod m heptane (30 mL wilhout prior deoxygenation) and subjected to UV irradiation Tho light 
source used was a high pressure 450 W Hanovia mercury vapor iamp which was placed in a wator coolod quart/ 
immersion well (Ace Glass Co ) The immersion well was piaccd in a 2 liter beaker containing water and the reaction 
sample containing the reagents m hopiano was piaced in the beakor m a long g.ass Craig tubo After 17 5 hours of 
irradiation tho sample was placed in a soparatory funnel and extracted with a water-mothanol mixture 1 1 -v v. 4 times 
is at 50 mL each, to remove the excess TEMPO anc the remaining heptane solution (6 0 g )and the resulting compound 
A-T was used directfy m the next step 

LIVING POLYMERIZATION The imliatior A-T ( 6 0 g ) was addod to a mixture of sodium styrene sulfonate ( 15 
g), othylone glycol ( 24 g ) and water ( 16 g ) and hoatod to 1 10 *C Alternatively, tho mixture could bo photolyzod to 
initiate polymerization After 3 hours, ferrous sulfate heptahydrate ( about 50 mg ) was added to reduce any excess 
20 TEMPO which had not boon removed during tho aforomontioned extraction procodure Heating was continued for 18 
hours During this timo. lour aliquots of tho reaction mixture were removod and gel permeation chromalograms(GPC) 
recorded The GPC results indicated that the polymonzaton was living and that the baseline is free of any traces of 
dead or terminated polymer 

Tab'e 1 shows tho molecular weight change as a function of reaction ahqout The narrowing polydispersity further 
25 supports the living nature of this polymerization 
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PD 
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40.491 


59 224 


59.024 


1 453 


2 


60 696 


100 857 


104.955 


1 662 


3 


15 974 


22 662 


21 053 


1.431 


4 


88 540 


139 727 


133.296 


1.578 
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A-T PHOTOINITIATOR PREPARATION CONTAINING BRANCHING AGENT Photommator 1 -hydroxycyclonexyl 
4-vmyl phenyl kotone ( 1 20 g ) and TEMPO ( 2 06 g ) are dissolvod in heptane (30 mL without prior deoxygenation) 
and subjected to UV irradiation The light source usod is a htgh pressuro 450 W Harovia mercury vapor lamp, which 
is placed in a water cooled, quartz, immersion well (Ace Glass Co ) The immersion well is placed in a 2 htor beaker 
40 containing water and the reaction samplo containing the reagents in hoptano is placed in the boakor m a long glass 
tube After 17 5 hours of irradiation the sample is placod in a separatory funnel and extracted with a watcr-methanol 
mat jre 1 1 -v v , 4 times at 50 mL each, to romovo tho excess TEMPO and the remaining heptane solution (6 0 g)and 
the resulting compound A-T is used diroctly for chain extension or branching 

46 EXAMPLE I 

PREPARATION OF BRANCHED POLYMERS For branched polymors various amounts of a co-monomer con- 
taining a photolyzable or photolabile group, such as tho aforementioned alpha hydroxy ketones, is incorporated into 
the backbone of the polymer or oligomer On cooling to room temperature and photolysis in the presence of a stable 
50 free radical compound such as TEMPO- each phcioly/able group of the covalently bound branching agent becomes 
a TEMPO term na'.ed branch po.nt capablo of thorma'ly induced stable Iroo radical cleavage and subsequent stable 
free radical mediated monomer polymerization and narrow poiydisoersity cham growth By products such as monomenc 
TEMPO terminated photolysis products can be readily removed from the polymer so that no new chams grow as a 
result of thoir photolysis and propagation 

55 
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EXAMPLE II 

PREPARATION OF STAR POLYMERS For the preparation of star polymers a small amount of an initiator com- 
pound A-T containing a photolyzabie group such as :he aforementioned oisubstit jtcd quinone compound, is incorpo- 
rated into the polymer chain backbone by thermally controlled copotymen/ation with monomers On cooling for ex- 
ample to room temperature and photolysis and in ine presence of TEMPO or s.milar stabie tree radical compound 
each photolyzabie group bocomos a 1 EMPO terminated star point which is capable of subsequent to thermal or pho- 
tochemical mducod stable free 'adical living polymcizalion processes The process cl sequentia' chair, growth or 
elongation and chain branching, can bo repeated many t mes to p'cvice dendritic structures 

EXAMPLE III 



MAGNETIC TONER PREPARATION AND EVALUATION The polymer resin (74 weight percent of the total m,x- 
turo) obtained by the stable free radical polymonzation procossos described m Example II may be melt extruded with 
'5 10 weight percent ot REGAL 33CXR) carbon black and 16 weight percent of MAPICO BLACK® magnetite at 120°C and 
the exuudate pulverized m a Waring blender and jetted to8 micron number average sized particles A positively charging 
magnetic loner may be prepared by surface treating the jetted toner (2 grams) with 0 12 gram of a 1 1 weight rato of 
AEROSIL R972® (Dogussa) and TP-302 a naphthalene sulfonate and quaternary ammonium salt (Nachom/Hodogaya 
SI) charge control agent 

20 Developer compositions may thon bo prepared by admxmg 3 34 parts by weight of the aforementioned toner 

composition with 96 66 parts by weight of a earner compnsod of a steol core with a polymer mixture thereover containing 
70 percent by woight of KYNAR®. a polyvmylidono fluoride, and 30 porcont by weight of po'ymethyl mothacrylate. tho 
coating weight being about 0 9 percent 

Toner compositions may bo roadily proparod by conventional means from the branched polymer and copolymer 

25 resins ot the present invention including colored toners single component toners, multi-component toners toners 
containing special performance addilives. and the like 

The branched polymers and copolymers ot the present invention find utility in a wide variety of applications such 
as the improvement of the Theological properties of thermoplastic resins by blending in polystyrono star polymors 
.mprovmg the compatibility of polymer blend by adding small amounts of tho branched polymers as compatih/ing 

30 agents, improving the viscosity index of lubricating oils, the use of these materials as a dispersant and improving the 
impact strength of polyphenylene ether rosins Tho branched polymo'.c products of the present invention may contain 
various polymeric segments such as homopolymers random coploymers oiblock copolymers multiblock copolymers 
tapored copolymers, and combinations thereof 



Claims 



1. A process for the preparation of branched thermoplastic resins comprising 

hoating a mixture comprising an initiator compound of the formula A - T wherein A represents a group having 
4 o at least one carbon atom and is such that a freo radical A- ans.ng therefrom is capable ol polymerizing an unsatu- 

rated monomer by free radical polymerization and the radical functionality resides on at least one carbon atom, 
and T is a covalently bonded stable free radical compound, at loast one free radical polymen/able monomer of 
the formula Mi. and at least ono free radical reactive branching agent of ihe formula B, to form an unbranched 
polymeric product of the formula 

45 

A-(Ml) m .(B) n -T 

whoro m and n are integers from i to about 10 000 representing the total number of monomors M and B contained 
50 m the unbranched product 

irradiating a mixture ol the unbranched polymeric prodjet and a second stable free radical compound of the 
formula T'- to form an intermediate branched polymeric product of the formula 

A-(Ml) m -|B-(T-) p | n -T 

whorom a T'- becomes convalontly bonded to at least one branching agent B in tne porymerc product and wherein 
p is an integer from 1 to about 1 0 representing *he avorago rumbe' of stable free radical compounds of the formula 
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T" attached to each branching agent B in the intermediate branched polymeric product. 

heating a mixture of the intermediate branched poymenc product and at east one second free racical po- 
lymer./able monomer of tho formula M2 to form a ' rsl branched polymeric product of the formula 



where o is an integer from 1 to about 5 000 representing the average number of monomers M2 which are inserted 
between each of tho covalently bonded stable free radical compojnds T and T' and each branch point, and 
cooling tho mixture 

A process in accordance with claim 1 . further comprising the further branching steps of 

heating the first branched polymeric product with a second branching agent of the formula B2 to form a 
second intermediate p:oduct polymer. 



wherein r is an integer from 2 to about 200 and represents t.ne total number second branching agent monomers 
B2 which are inserted betwoon each of tho covalently bonded stable free radical compounds T and T' and each 
branch point. 

irradiating tho socond intermediate polymer product with at least ono third stable tree radical compound of 
the formula T"- to from a branched polymer product of the formula 



whore T" is convalently bonded to the branching agonts B2 in tho resulting polymeric product. 

heating the rosultmg branched polymeric product and at least one third froo radical polymen/able monomer 
cl the formula M3 to form a second branched polymer product of the formula 



wherein the socond branched polymeric product contains al least twico the number of branches as the first 
branched polymor product and 

optionally repeating said further branching steps from 1 to about 20 times 

A process m accordance with either of claims 1 or 2. wherein said branching agent B contains from 1 to about 10 
branching sites and whorom oach branching site contains a chromophoro which is photolytically active under 
irradiation whereby upon irradiation, a tree racical spec cs is genorated at substantially each branching site and 
is subsequently and rapidly trapped by a stable free radical agent compound 

A process in accordance w.th claim 3 wherein the branching agent B contains at east one free radical polymer- 
izable unsaturated double bond 

A process in accordance with any of claims 1 to 4 whorom tho branching agent B is selected from tho group 
consisting of 

(a) a branching agent monomor compound of tho formula 



A-(M1) m -[B-(M2} 0 -(T ) p ] n -(M2) 0 -T 



A-(MlViB-(M2} 0 -(B2),-(T-) p ] B (M2) 0 -(B2) f -T 



A-(M1) m -[ B-(M2) 0 -[B2-(T-J] f .(T-) p ] n -(M2) 0 .[32-(T')] f -T 



A-(M1) m -[B-(M2) o -[B2-(M3-T-)] r -(T) p ] n -(M2) 0 -[B2-(M3-T")] r -T 



o 




OH 
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wherein Ar is an aryl group ccnlainng al least one (roe radical polymcnzablc unsaturated double bond and 
from S to about 26 carbor atoms and R, and R 2 are independent^ selected *'om Iho group consisting ol akyl 
alkylene rtkylnryl and cydoalkyl substituonts witn from 1 to about 20 carbon atoms 
(b) a branching agent monomer which is pho!olylicai:y monofunclional ol the formuia 




(c) an inhibiting photolytically aitunctional compound and is of the formula 



o 




and any mixtures thereof 

A process m accordance with any of claims 1 to 5. wherein the initiator compound A-T has a half life of about 5 
seconds to about 5 minutes at a temperature from about 30°C to about 180°C 

A process m accordance with any of claims 1 to 6. further comprising combining the formed resin product with at 
least one member selected from the group consisting of a thermoplastic resin, a colorant a charge control additive 
a surfactant, an emulsitier, and a pigmont dispersant lo form a toner mixture and wherein the mixture is furtner 
melt blended to form a melt blended toner 

A process for the preparation of branched thermoplastic resins compnsng 

heating a mixture of a tree radical initiator l 2 . at least one 'ree radical reactive monomer Ml and a stable free 
rad-cal agent T to produce The linear or unsranched polymer product of the formula I-(M1 ) m -T where m is an 
integer and 'Oprosonts the number of monomors polymenzeo 

heating separately or sequentially at least ono monofunclionat branching agent B and the unbranched polymer 
product to form a second Lnbranched polymer product of the formula :-(M1 } m -{B) n -T, where r s an integer 
and represents the number of branching agents polymen/ed or inserted at the end of the polymer chain 
irradiating the second unbranchod polymer in the prosonco ol a second stable free radical agon T'-to afford 
a branched polymer product ol tho lormula i-(Ml) m -(B- T'] n -T. and 

heating the branched polymer product with a second monomer, to afford a f irst branched polymer of the lormula 
I-(M1 ) m -|B-(M2) 0 - T'\ n -{M2) 0 -T. wnerein o is an integer and represents the total number o' M2 monomers 
incorporated into the f.rst branched polyme-- product 

A process for the preparat on of branched tho-moplastic resins comprising heating a mixture of a free radical 
initiator l 2 at least ono difunctional free radica reactive branenng agent monomer B anc a stable ' r ee radcal 
agent T to produce tho linear or unbranchec polymer product of the fo r mula I ■ ( B)^ ■ T where m is an integer and 
represents the numbc of branching agents polymen/ed. and 
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irrad ating tne unbranched polymer produc: in the presence of a second stable free radica agent T' to form 
a branched polymer prodjet ol the formjla l-[B-lT'i 2m ] rri -T 

10. A process for the prepaiat on of branched '.homoplastic rosins comprising healing a mixtorc of a free radical 
S initiator, at least one free radical reactive monomer at least one free radical react ve b-anchirg agert monomer 

and at least one stable free radical agent to produce a l-near or unbranched polymer product wilh a 1ree radical 
initiator fragment at one eno ana a covalenlly bonaod stable t'ee racical agent at tno oiner end of the polyrnonzod 
chain of monome r s and rrad'ating the unoranched polymer product m the presence ol a monomer or monomers 
selected from the group consisting of a free rad cai reactive moromer. a branching agent and mixtures thereof to 
io form a branched polymeric product 



15 



20 



25 



30 



35 



40 



•J5 



50 



15 



EP 0 814 097 A2 



l 2 + mMl + 1* 
| Heat 

I -(mi) -t 

* 'm 

| B, Heat 

'H-( B t T 

T«, hv 

_(mi) -[b-t 

* 'm - 

M2, Heat 



-T 
n 



B-[M2|-T 
o 



-M2- 

n * 'o 



FIG. 1 



16 



EP 0 814 097 A2 



l2 + mB + T* 
Heat 



— f BJ — T 
'm 



T«, hv 



B - T 



-T 



2m j m 



i) M2, Heat 



B- M2-T 



2m 



- M2J - T I- 



ii) B2, Heat 



B- B2-T 



2m 



- B2 -T 

m ^ 'n 



FIG. 2 



17 



(19) 



3 



Europaisches Patontamt 
European Patent Office 
Office europoen des brevets 



(12) 



(11, EP 0 814 097 A3 

EUROPEAN PATENT APPLICATION 



|Ou) Urllo Ul pjUMurtllUn nJ 


/ci\ i^t/-i6 pnnc A/nn map 9Q^/nn 

(bl) rll 6 UUOr H/UU, UUOr ^yo/UU, 


Uv,U!>. 1(777 DUIIOlin 1 WW 1 o 


C08F 291/00 


yHJf UrilU Ul pjUIILeJUUM 




9Q 15 1QQ7 RullAtin 




(21) Application number 97303948.0 




I00\ HiitQ nf fihnn OA rtfi 1 GQ7 
\<LC.) LyrtlO Ul HIIMy Uv.UO. IWf 




(84) Designated Contracting States 


• Moffat, Karen A. 


AT BE CH DE DK ES Fl FR GB GR IE IT LI LU MC 


Brantford, Ontario N3P 1N2 (CA) 


NL PT SE 


• Georges, Michael K. 




Guelph, Ontario N1G 3N8 (CA) 


(30) Priority 17.06.1996 US 664702 


• Hamer, Gordon K. 




Mississauga, Ontario L5L 2P4 (CA) 


(71) Applicant XEROX CORPORATION 


• Veregin, Richard P.N. 


Rochester, New York 14644 (US) 


Mississauga, Ontario L5L 5C3 (CA) 


(72) inventors 


(74) Representative) Pike, Christopher Gerard et al 


• Kazmaier, Peter M. 


Rank Xerox Ltd., 


Misslsseuga, Ontario L5L 1E5 (CA) 


Patent Department, 


• Keoehkerian, Barkev 


Parkway 


Thornhill, Ontario L4J 7E8 (CA) 


Marlow, Buckinghamshire SL7 1 YL (GB) 



(54) Processes for preparing telechelic, branched and star thermoplastic resin polymers 



(57) A process tor the preparation of branched ther- 
moplastic resins comprising heating a mixture ol a free 
radical initiator at least ono first free radical reactive 
monomer at least one free radical 'eactivc b r anchmg 
agent compound, and at least one stable free r adical 
agent, to produce a linear or unbranched polymer prod- 
uct with a free radcal mitator fragment at one end and 



a covalently bonded stable free radical agent at the olh- 
er end of the polymen/ed chain of monomers, and irra- 
diating :ho unbranched polymer product :n the presence 
cf a reactive compound soioctod from the group con- 
sisting of a free radical reactive monomer a branching 
agent compound, and mixtures thereof to form a 
branched polymeric product 



CO 
< 

O) 

o 

CO 

o 

CL 
LU 



EP 0 814 097 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



App-'Cillon NumDtt 

t 3 9/ JC 3948 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Caiego-/ 



Y 



D.Y 



D.A 



C. Mlscv jf oocurwl A--n ;fvic:.tti(:'i wri-rr ir[ rf cure 



-'fie-.ar.r 



CLASSIFICATION OF ™£ 
APPLICATION (IrtClfti 



EF 0 735 064 A ( XEROX CORP ) 2 October 1996 -1.3.4.6. CORF4/00 

7.10 C0BF293/00 

» claim 37 . page 7. Vre 16-17 , claims 5 C08F291/00 
: 35,36.33 . claims I? . 1 3 . c-aims 1 . 1 1 
I page 6, Hne 35 - page 7. Trie 21 , page 
\9. line 13-34 ; page 10. line IB 58 * 
i* page 12. line 46 - page 13. Tine 25 * 



S.P.PAP 3 AS: "FHOTOINiriATED 5 
POLYMERISATION" IN COMPREHENSIVE POLYMER . 
CHEMISTRY. THE SYNTHESIS AND 
CHARACTERISATION, REACTIONS AND 
APPLICATIONS OF POLYMERS , VOLUME 4' , 
PERGAMM0N PRESS . OXFORD XP002094485 

* page 339. formulas 3. 4 ♦ 

US 5 498 679 A (MOFFAT KAREN A ET AL ) 1-10 
12 March 1996 

* the whole document * 

W0 94 11412 A (XEROX CORP ; 26 May 1994 1-10 

* page 7. 1 ine 1-21 * 

EP 0 349 270 A (MINNESOTA MINING 4 MrG) 1-10 
3 January 1990 

* claims 4, 10 * 

- page 3, line 13 - page 5, line 18 * 



TECHNICAL FIELDS 
SEARCHED (Ml Ct 6) 



C08F 
GC3G 



">.e present seaxf repon beer drawn vp fc a>i ca ms 



THE HAGUE | 

* D«ticui*fV r«4*,« v "an*** Hcrm 

A !»:P»rviic>tjrj> E*Cfcg>ni,rv] 
C nci *■ n«n JikscJj"* 



24 February 1999 



Hamnord. A 



*ftj»' ' nog tor* 

I document cii»o 'j/ u4rw vasu'i 

i -n«-^r »• or tn« s»rT« p*t«i-i tarr><, cor-tv^J "»£ 
(Joci-ment 



2 



EP 0 814 097 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



LP 97 30 3948 



this ame« i <,e> ir>«» paten' la-miy r-^n tws 'eiacny :u "is oa??'"' coajrier:5 ciiec n me sto»* me-iti.-i-ei Eu.-ncean =*a-rh 

24-02-1999 



p <iMrn -j;cumcnt 




.... y 




Paten: ta/r .-, 




I 

: p ub- cai>on 










m o m h m , c ■ 

r l'M|TI[ * *i ■ ** ■ 






EP 0735064 


A 


C2- 10-1996 


US 


5773510 


A 


30-06-1998 








CA 


2173C06 


A 


01-10-1996 








JP 


8269106 


A 


15-10-1996 


US 5498679 


A 


12-03-1996 


NONE 








W0 9411412 


A 


26-05-1994 


US 


5322912 


A 


21-06-1994 








AU 


5295593 


A 


03-06-1994 








BR 


9305751 


A 


23-01-1997 








CA 


2126670 


A.C 


26-05-1994 








CN 


1087349 


A 


01-06-1994 








EP 


0621878 


A 


02-11-1994 








JP 


6199916 


A 


19-07-1994 








KX 


9307085 


A 


30-06-1994 








US 


5401804 


A 


23-03-1995 








US 


5549998 


A 


27-08-1996 


EP 0349270 


A 


03-01-1990 


AU 


614140 


3 


22-08-1991 








AU 


3523989 


A 


04-01-1990 








DE 


68917657 


0 


29-09-1994 








DE 


68917657 


T 


23-03-1995 








ES 


2057127 


T 


16-10- 1994 








JP 


2103277 


A 


16-04-1990 








MX 


169747 


B 


22-07-1993 



i t-cr mc»e details aoojt this annei OHciaj jc'^ai c' t-e European latent Ct<C€ Nc '■? ft? 



3 



